With increasing population, the need for research ideas on the field of reducing wastage of water can save a big amount of water, money, time, and energy. Water leakage (WL) is an essential problem in the field of water supply field. This research is focused on real water loss in the water distribution system located in Ethiopia. Top-down and bursts and background estimates (BABE) methodology is performed to assess the data and the calibration process of the WL variables. The top-down method assists to quantify the water loss by the record and observation throughout the distribution network. In addition, the BABE approach gives a specific water leakage and burst information. The geometrical mean method is used to forecast the population up to 2023 along with their fiscal value by the uniform tariff method. With respect to the revenue lost, 42575 Br and 42664 Br or in 1562$ and 1566$ were lost in 2017 and 2018, respectively. The next five-year population was forecasted to estimate the possible amount of water to be saved, which was about 549,627 m 3 and revenue 65,111$ to make the system more efficient. The results suggested that the majority of losses were due to several components of the distribution system including pipe-joint failure, relatively older age pipes, poor repairing and maintenance of water taps, pipe joints and shower taps, negligence of the consumer and unreliable water supply. As per the research findings, recommendations were proposed on minimizing water leakage.
Introduction
Water leakage is like a worm in the water distribution system where the overall system may look healthy and working efficiently yet it is slowly sucking the life out of it. Water Loss Assessment (WLA) investigations have been done by many studies. It encompasses the estimation of the amount of WL of a specific site regardless of addressing the leaky location. At the beginning of the nineteenth century, WLA was based on "guess estimation" method than a precise tool [1] . Recently, WLA and Water Loss Management (WLM) studies have been increased significantly. International Water Association (IWA) and the American Water Works Association (AWWA) introduced a new set of concepts and methodologies to improve WLA and WLM [1, 2] .
Researchers and engineers have realized that WL is not about losing money but also water resources lost, which took time, money, and effort from the water network system and then distribution system [3, 4] . This is the initial loss of good quality water. Leaked water returns with contamination through the leakage point, which may itself raise a completely new issue [5] . Safe distribution of water is the main motto of the water authorities. Leakage also raises questions on loyalty and reliability of the water supply system and their operationally and serviceability [6] . WL is also about restrictive energy, clean water, supplying more water, and limiting carbon footprints going to the global population [7, 8] . Water loss is sought off as a common problem for the water utility system and a nuisance to the management [9] .
The most affected countries by water loss are low-income countries who cannot afford to lose any more precious water. In developing countries, the annual volume of non-revenue water (NRW) was estimated at about 45 million cubic meters in the distribution networks [10] . The total cost was estimated at nearly 3 billion dollars per year due to WL. About 90 million people would be possible to serve by saving half of those losses [11] . Nearly, 30 million cubic meters of water is delivered every day to customers, but are not invoiced because of pilferage, employee's corruption, and poor metering [12] . In low and middle-income countries, 60 million cubic meters of water was found to be lost daily through leaky pipes [10] . In sub-Saharan Africa (which includes 46 countries including Ethiopia), NRW was estimated at around 600$ million per year from the distribution utilities. This significant portion of finding can help to estimate and accomplish the Millennium Development Goals in better-quality access to water and sanitation by the United Nations [13] .
Water loss in the distribution system has been reported, globally. WL of NRW is hard to estimate due to its incomprehensibility and faintness [14] . The IWA task force and AWWA task force produced guidance and best management practice (BMP) strategies, respectively to ease the quantifying water losses and compare the effectiveness of their management policies [2, 15] . Leaky distribution systems increase the cost of water loss and affect adversely on water quality as well [16] . There are many tools which came to existence to understand the water loss in the distribution system and to mitigate this confusing problem. A bottom-up approach, minimum night flow (MNF), and bursts and background estimates (BABE) analysis have been reported effectively to assess the water losses with excessive assumptions, accurate pressure measurement, and hydraulic model calibration, respectively [17] [18] [19] [20] . Therefore, these models are feasible for low-income countries like Ethiopia. Top-down is neither a pressure-dependent nor a total fieldwork-based method. The top-down approach requires data such as water balance and basic system data (water volumes, heads, and energy bills) to assess the percentage of water losses [19, 20] . The burst and background estimate (BABE) was accepted worldwide as it is a very easy and pragmatic approach to the complex and confusing problem of leakage in the distribution system [21, 22] . Reduced network models (RNM) was able to isolate leakage in the water supply networks, effectively. Comparison between the expected behaviour and actual measurement can be done to isolate the leakage [23] . The first time in 2000, parallel computing recognized pressure reducing valves to adequately locate, to minimize the leakage problem in water network [24, 25] .
WL consists of real losses and apparent losses [10] . Real loss is also named as physical losses, which means it leaks out of the pipe by bursts and leakages. The apparent loss is also called commercial losses. Apparent water loss means consumer used the water without paying due to the meter being under review or registration, meter error, billing error, and data miss-handling. The amount of unauthorized consumption 'Water used without bill' is the main difference between NRW and WL [15] .
The water supply service in Kisumu (Kenya) and the national water company of Ghana lost half of its water supply due to WL. The state water board of Bache (Nigeria) estimated its loss may reach up to 75% in coming years, moreover this system was unable to calculate its total water supply due to the traditionally implemented system [1, 26, 27] . Based on the study, results indicated that the total loss of water of Addis Ababa city was 54,094,795 m 3 , out of 120,088,391 m 3 supplied by the system and the loss was estimated to be 45% of the total supplied to the distribution system [28] .
As per the millennium, a development goal was targeted by the UN to achieve better practices in African cities in which Addis Ababa is one of them. Ethiopia being the second-most populous country of Africa and Addis Ababa being the capital, which is the fasting growing urban habitat. The problem was realized long before the urban water crisis and threatened water resources. During the initial study 40 percent of water was found uncounted [29] . Ethiopia has progressed in the field of higher education, it had 33 public universities and 61 private institutes with overall 757,000 students by 2014 as per UNESCO Institute for statistic [30] . To accommodate the huge population, there was a need for the large water supply and distribution system. When there is such a water supply system, there will be WL. More study is required in the case of real losses to figure out the reason of the loss and how it can be overcome and minimized, in context to developing and low-income countries where there is need of a low-cost solution and less expensive distribution system. In Ethiopia, water loss in higher educational institutions is a serious problem. However, adequate research has missed this issue so far. The estimation of the water loss is itself a challenge and it may arise in the case of improper water billed to the institute and water consumed within it.
This paper focuses on the calibration of different variables of water leakage of an educational institute (Ambo University, Ethiopia) such as quantification, addressing the components of WL, and fiscal loss in the location with predictive possibilities of water loss and revenue loss in the next four years in the study area. In addition, with some recommendations, that would assist to minimize the water leakage to save the natural resources along with energy conservation, which will help the government, organization, and the ecosystem. This study also opens another research objective with different variables for a different kind of institute or organization of the developing countries with a similar situation.
The next session describes briefly the study area and the subdivision of the blocks where the assessment has been done. The third section deals with methods to evaluate the quantity of leaky water, localized loss comparison, cause of water loss, revenue loss, and future prediction (up to 2023) of water loss and economic loss. The fourth section discusses and analyses the resulting outcome of the finding using the methods described earlier. The last part is the recommendations which deal with, how to lessen the water loss with different contemporary techniques such as awareness among consumers, localized physical measurement, and use of AI models.
Methodology

Case Study Description
The study area is at the Institute of Technology (IoT) campus, Ambo University (AU), Ethiopia which is located in Ambo City, Kebele-02 at 3 km from the center of Ambo city (bus station). Ambo city is located in the Oromia regional state, West Shoa zone and 125 kilometres west of Addis Ababa (the capital city of Ethiopia) and illustrated in Figure 1 . Institute of Technology (IoT), which is one of the campuses of the Ambo University, is dedicated to 13 engineering departments and house to 6186 students in 2018. The total study area covered about 1.444 km 2 .
Currently, the Ambo Urban Water Supply and Sewerage Service Enterprise (AUWSSE) office is distributing around 220,000 m 3 /day of water to the whole Ambo town, which is fetched from Huluka River, Ambo. Institute of Technology (IoT) campus has been getting water supply from AUWSSE as well. AUWSSE installed the gravitational distribution system due to its slant geographical condition; this study also reveals that the slope pattern of Ambo and the campus area itself consists of 10%-15% of slope [31] . Currently, the Ambo Urban Water Supply and Sewerage Service Enterprise (AUWSSE) office is distributing around 220,000 m 3 /day of water to the whole Ambo town, which is fetched from Huluka River, Ambo. Institute of Technology (IoT) campus has been getting water supply from AUWSSE as well. AUWSSE installed the gravitational distribution system due to its slant geographical condition; this study also reveals that the slope pattern of Ambo and the campus area itself consists of 10%-15% of slope [31] .
Methods to Assess the Data by Top-Down Approach
The top-down approach was used in this study because of lack of advance measuring instrument, as well as lack of funds for installing sensors which can detect and estimate the water loss at a specific area. Top-down approach allowed researchers to evaluate an individual component of the system, i.e., the whole campus distribution network as a system and individual blocks as a component. Then, the individual components water balance, water consumption, number of consumer and possible detection of leakage points and origin of the loss at the point was estimated [22] .
For water balancing, IWA standards were taken which included total water intake, water loss, billing information, revenue water, non-revenue water, as well as an apparent and real loss. The apparent loss was taken as nil since there was no considered consumer or metering inaccuracy whereas real losses were taken in account as leakages due to transmission, overflow, connection fault, etc. [32, 33] .
Based on the information gathered from onsite data collection, various calculation and assessment of water relation and its correlation to the wastage of the revenue have been divided into the following calculations [19, 20, 34] :
Visual water loss detection, reason, and quantification of the loss water were studied for 15 blocks. Water loss (WLp, in liter/day) at each point was calculated using equation (1) by converting from L/sec. ii.
Liter per capita consumption, water consumption per month, and total water loss in the study area per month from equation (2), (3), and (4). iii.
Amount of water consumed within the campus and amount spent on water bill per month in the dollar (January 2017 to June 2018).
Figure 1.
Location of study site Ambo City (Oromia regional state, West Shoa zone, Ethiopia, East Africa).
Methods to Assess the Data by Top-Down Approach
i
Visual water loss detection, reason, and quantification of the loss water were studied for 15 blocks. Water loss (WL p , in liter/day) at each point was calculated using Equation (1) by converting from L/sec. ii
Liter per capita consumption, water consumption per month, and total water loss in the study area per month from Equations (2)-(4). iii
Water Loss Analysis by BABE Methods
The information about the amount of water entering the campus each month with their corresponding amount paid in Ethiopian Birr (Br) has been collected from the AUWSSE office, which was used in the determination of water loss from the supplied water and economical effect of water loss. The campus was divided into blocks and intensive observation of visual leakage was noted down. The BABE approach is not a holistic approach but more on the point source thus more appropriate in this case where individual block as well as number of leakage point in each block was calculated as V p (Volume of leakage at a point) given by equation (1) and then all of them were summed to get the system water loss value as WL t (Total water loss for the study area) given by equation (2). In the BABE approach theory, quantification of particular leak or burst is done by using the average flow rate (by taking manual concord value reading for leakage at each point calculating the amount of water loss by measuring flask and the leak duration by stopwatch) and duration of specific leakage, as noted below [15, 19, 20, 22] .
where, V p = Volume of leakage at a point (L), Q = Leak flow rate (L/sec) and T = Leak duration (Sec). Water loss (WL b ) at one block was estimated by summing up all the identified leakage points of the block.
where, WL t = Total water loss for the study area, WL b1 = Water loss at one block in liter.
Water Consumption in the IoT, Campus
The campus also houses residents thus the population in the campus was found to be 6810 in 2017 and 7023 till June 2018. The average daily consumption was derived by using annual consumption data, number of population, and total water consumption over the year. The average daily per capita consumption of IoT, Ambo University was derived using the following jargons [34, 35] :
where: CC is capital consumption in l/person/day, AC is annual consumption in m 3 , PN is population of IoT. Then, water consumption was calculated using the following equation where water intake was collected from AUWSSE and monthly water loss was equated from Equation (2) Water consumption month = Water intake month − Gross water loss month (4)
Measurement of water loss was conducted at different places of the distribution system. At the location where water loss was detected, the volume of water was measured using a function of the average runtimes and average flow rates for different types of leakage [36] . The data has been collected from the concern authority with different time of sampling. To estimate the per capita demand, the total demand for water supply was obtained from the AUWSSE office.
Water Tariffs Schemes
As per the AUWSSE office, Uniform Tariff scheme is applicable for governmental building such as IoT, AU. This tariff ensures social equity. Uniform tariff scheme is the fixed price regardless of the quantity of water used by the consumer. Process of tariff revision is simple, easy to understand for consumers, and organizations pay according to the amount of water they actually use [37, 38] . Due to lack of periodical proper monitoring, this also fails to control accurately and genuinely, especially in-line to leakage [39] . The different data analyzed to evaluate the total NRW of IoT, and their cost in USD.
Population Forecasting
In this study, the geometrical increase method is used to forecast the population. Preference of the method for a particular university is needed to consider based on, overall current situations and since it is a new campus; thus, there is not much data from the past years. For the fast-growing university, where relatively high economic activity observed and at the same time, continuous expansion of the university due to various reasons, the geometrical increase method is more preferred for the same kind of project area as mentioned by [40] . The population starting from 2014−2018 has been collected from IoT, Ambo University registrar office, and human resource office. Then, after population and NRW up to three decades have been calculated in m 3 /year and USD/year, respectively.
where; P n is population in n-number of year, P is present population, I G is geometric mean in percent (%), and n is number of year.
Result and Discussion
Analysis of Water Distribution System of the Campus
The water network map of the entire campus was collected from the "TNT construction & Trade Ethiopia" company to follow it during the data collection. The campus does not have a proper distribution station and gate valve points, which made controlling of the system complicated. This also created a barrier for the appropriate working of the water distribution, which was also contributed by the lack of properly defined supply pipe network mainly comprised of main pipes, sub-main pipe, distribution pipe, and plumbing pipes that cover the major part of the campus. The network was not divided as per the valves and no material specification.
The water distribution line in the study area consisted of different diameters such as mainline with a diameter of 200 mm and sub mainline and with a diameter of 150 mm. Distribution line with a diameter of 80 mm and 65 mm and connection line with a diameter of 50 mm and 40 mm (b). The plumbing inside the building with a diameter of 32 mm and 20 mm was installed. The conventional approach of distributing the water throughout the campus was used which did not follow the proper detailed plumbing details. This traditional approach leads to complications in the water management system in-line to the water supply, water storage, water leakage, and water monitoring. The complications were raised due to the less flexible, non-responsive, and decentralized working system, which were interconnected without a proper arrangement of each element of the distribution system.
Water Consumption, Water Loss and Water Bill
The study of the IoT campus is a real-life study of the distribution system with one source of water intake, i.e., from AUWSSE and which is distributed to 7023 consumers as per the human resource department of IoT. Using the complete water supply coverage of the town may not be precise enough to the realize the volume of consumption per capita of the IoT, AU campus. For this reason, average daily demand per capita is calculated by using monthly consumption data and the number of population of IoT as it has been studied [41] . The total amount of water that enters the IoT, AU campus for each month of 2017 and 2018 (up to June) were collected from the AUWSSE office. Table 1 illustrates that the total amount of water entered in the campus in 2017 and 2018 was 311,327 m 3 /year and 188,925 m 3 /year, respectively. Then, further average water consumption per year has been calculated as 21,213 m 3 /year and 26,757 m 3 /year approximately for 2017 and 2018 as listed in Table 1 using equation (4) . For both 2017 and 2018, the average amount of water consumed as liter per person per day (LPCD) was estimated as 125.2 LPCD and 177.4 LPCD, respectively using equation (3) . Total average monthly water loss was taken at about 4730 m 3 for both of the years as consecutive using equation (2) . For the sake of calculation, the water loss has been assumed the same for all the months because of lack of data and lack of human resources. Thus, unaccounted for water was (UFW) already on the higher side as compared to the size of the institute. Average fiscal water loss was calculated by using the uniform tariff of water in the Ambo town at 9 Br/m 3 . The average cost of water loss was estimated at about 42,575 Br/month or 1562 USD/month in 2017 and 2018 also presented in Table 1 . (Conversion factor used as 1 USD = 27.25 Br as per the current date). Figure 2 clearly illustrates the variation of water intake, water consumption, and water loss along with their fiscal loss in 2017 and 2018, respectively. Figure 2 gives the idea of higher intake and consumption for May 2018, but the water loss remains the same, it shows the billing error due to the human error or meter error. Table 1 illustrated each month of water loss in m 3 and their value in Br and $. The rainy season, which comes in December would have the least value of consumption due to often water supply interruption, whereas, the summer season peak in July would bring a high amount of WL due to high pressure and uninterrupted water supply since Ethiopia only suffers from water stress, not scarcity. 
Water Loss per Block, Localization and Major reason for the Leakage Source
As IoT water network systems were inter-connected to each other without separating the system with a proper joint outline, type of materials, the diameter of pipes, and distribution system details. This made it difficult for identification and calculation of the distribution of the water loss at a different spatial location. The management of IoT, Ambo University is facing the problem of water loss which is caused due to poor inspection, less or careless repair of water supply facility, improper use of water and lack of awareness. Water loss has been calculated using the BABE method for each block of the study area as per equation (1) and shown in Table 2 . The table also illustrates the number of users, major visually observed reasons for water lost in each designated block, as well as the possible amount of water loss, was also depicted which was obtained by the top-down approach. Figure 3 gives water loss in m 3 /day per block (block A, B, F, H, I, J, K, L, M, N, P, V, W, X, and 110) along with its number of water users; in addition to it, Figure 3 presents the maximum (i.e., B block) and minimum (i.e., L block) leakage value per block. 
As IoT water network systems were inter-connected to each other without separating the system with a proper joint outline, type of materials, the diameter of pipes, and distribution system details. This made it difficult for identification and calculation of the distribution of the water loss at a different spatial location. The management of IoT, Ambo University is facing the problem of water loss which is caused due to poor inspection, less or careless repair of water supply facility, improper use of water and lack of awareness. Water loss has been calculated using the BABE method for each block of the study area as per equation (1) and shown in Table 2 . The table also illustrates the number of users, major visually observed reasons for water lost in each designated block, as well as the possible amount of water loss, was also depicted which was obtained by the top-down approach. Figure 3 gives water loss in m 3 /day per block (block A, B, F, H, I, J, K, L, M, N, P, V, W, X, and 110) along with its number of water users; in addition to it, Figure 3 presents the maximum (i.e., B block) and minimum (i.e., L block) leakage value per block. Table 2 represents that six major reasons for water leakage have been observed by researchers such as broken gate valve (BGV), unreliable pressure fluctuation (UPF), aged material (AM), poor maintenance (PM), busted pipe and joints (BPJ), and broken tap (BT). UPF was observable more than others whereas BT were found to be least and others were averagely responsible for WL. BPJ at different places were observed in the water distribution system. Either BGV or PM of gate valve was observed throughout the water distribution system and consequently, water leakage was occurring. Some of the water outlets didnot have water taps or proper working taps. Water was wasting, continuously due to the nonstop flow due to fixtures damage (water shower outlet).
Population Forecasting along with Financial Loss
The population (P) data of IoT, AU which used to convert annual water consumption to average daily per capita consumption is given in Table 3 . Population data of 2014−2018 was collected from the registrar and human resource office of the campus with their classification and were listed in Table 4 . This classification helped to evaluate the LPCD precisely. Population forecasting has been estimated by using the geometrical increase rate method up to 2023 using equation (5) . Further, the amount of water loss in meter cube per year and their values in Br and $ was estimated and listed in Table 5 . Table 5 displays water loss during 2019−2023, which significantly goes higher per year and their value in Br and $ as well went up simultaneously. This water loss finding has the potential to attract the authority to rectify this problem as soon as possible. By rectifying the water loss, and thus, water and energy can be saved dramatically and approached towards the water sustainable management system. As indicated in Table 5 , the average daily per capita water consumption of the IOT, AU has increased from the year 2017 to 2018. This shows that due to the cause of water loss, the entire campus water demand went up along with the rising population. This average per capita consumption was found to be very high while compared with the country standard used for design purpose (30 to 60 L/capita/day) as per Ethiopian Building Code Standard 9 (EBCS 9) and this difference may be the WL. Though, sustainable development goals (SDG) approach are trying to reach the standard in coming future [8, 42] .
Recommendations
After the subterranean study, researchers produced the following recommendations to the management, to lessen the water leakage problem and stop such a huge financial loss every month:
Awareness methods can bring remarkable changes to mitigate the WL problem to the project area without any physical measurement and much more involvement of skilled people are required [43] .
The study area for the initial project work can be educational institutes since students and teachers will be more receptive to the need for water-saving ideology. From such kind of organization, awareness campaign can more effectively spread throughout the region, especially for developing country where there can be less funding and personals for campaigns. A case study of Hanoi showed a potential output via state estimation and awareness using systematically assessed minimum leak in the water distribution system [44] . Such measures can substantially reduce leakages by reducing careless and negligent mistakes. ii
Leakage detection methods are concerned with its detection of frontline water leakage site [22] . Automated detection of pipe bursts approach came to the limelight, using different Artificial Intelligence (AI) tools to predict the leakage prior to its taking place with some variables like pressure and flow signal value [45] . AI has shown significance capability to deal with missing data, decreases the cost of testing [46] [47] [48] , can easily classify the point source of the leakage [49] , and predict the life of the distribution system components [50] . These advantages make the potential of AI models useful in developing countries where there are lacks of uniform and regular data, funding for data collection and testing, advanced sensors to pinpoint the leakage sources, and lack of regular maintenance system. iii
Optimal pump schedule approved methods is to meet water demand and reliable water pressure along with minimization of the leaky system and power consumption as well as an economic benefit [51] . The physical measurement method such as pressure-dependent leak detection model, which is quite impressive to minimize the leakage as early as possible and save the revenue [52] . iv Several small changes can make a significant sense to minimize water leakage. Longitudinal analysis qualifies changes in periodical report disclosures via description and visual to company performance and leads to prospective saving in line to water and energy [53] . Since water is a revenue using low-cost analysis can save lots of water and money. These techniques are easy to apply and learn, so people with a basic education can help in the data collection and analysis.
The above-mentioned recommendations can create great changes in the developing communities towards mitigation of WL by utilizing any of these techniques as per the scenario of the project area. All these recommendations were given keeping in mind the growing countries as they are economical, can be easily implemented and effective in water loss prevention. This is also the need of the hour for the new researchers to understand the crisis in hand and apply possible techniques to remedy it. These tools will help in managing, monitoring, and creating better economic projects, which will save water and increase the life of the distribution system.
Conclusions
This work would help to reduce the problems of water leakage and to understand the reasons of it explicitly why, how, and where water leakage is taking place commonly in the system. The average water demand was evaluated as 125.2 LPCD (liter/capita/day) and 177.4 LPCD in 2017 and 2018, respectively. This average per capita consumption was more than the country standard, used for design purpose and that is 30 to 60 LPCD as per Ethiopian Building Code Standard (EBCS) 9 in respect to the revenue lost 42,575 Br and 42,664 Br or in 1562$ and 1566$ in 2017 and 2018, respectively. This study is the alarm for the managing authorities that it is time to understand that water is more valuable than time and money in the present crisis. In many illustrations, the problem of water loss is caused by poor operational practices, poor infrastructure, network characteristics, and bad management practice. In addition to the lack of different time scale data, periodical maintenance, and lack of motivation at the management level. Thus, the IoT, Ambo University water authority has great difficulty to locate the WL and quantifying it precisely. Thus, it is suggested that the well plan periodic management can overcome most of the issues as recommended in the previous section. Ethiopia is considered as a water-stressed area since water is there but not fit for drinking because of this, health issues are also increasing day by day. The study aims to increase awareness among the authorities of the area as well as similar areas where a large amount of water is wasted because of human ignorance and lack of awareness. UN project is very much active in these areas and therefore, sustainable development goals approach needs more effort to reach and water leakage mitigation may help to achieve it. Uniform price policy does not bring social justice among different kinds of consumers as well as nothing that benefits the operator [54] . This study has used the top-down approach because of its simplicity in leakage assessment for such areas where there is lack of available and continuous data, obliviousness in preservation and management, which lead to lack of information in a specific occasion. However, this was the first step for the leakage study and more research has to be done considering the issues and problems in a developing country. Similarly, BABE was used because it does not use the holistic approach rather it uses the individual point source data collection system, which was more suitable in the case of this study because of lack of differentiated distribution system and lack of data. This paper's target area was to study the environment and take simple measures which can save lots of potential water and could be implemented commonly for developing areas similar to such. The initial target was taken as an institution because they have habitat of a large population, mostly funded by the government, and managed by common authorities. 
